The therapeutic potentials of twenty medicinal herb species traditionally used in China to treat bacterial infections were evaluated for the treatment of five drug-resistant Streptococcus suis strains. Candidates were primarily screened using the disk-agar method for antibacterial activity against five different Streptococcus suis strains.Of the herbs tested, the aqueous and methanolic extracts of Forsythiae Fructus exhibited antibacterial activity against all five Streptococcus suis strains, though the methanolic extract had slightly higher activity. The MIC values of this extract against the five Streptococcus suis strains varied from 1.562 to 3.125 mg/ml. Results from these findings suggest that the herbal extract may be used as natural antibacterial agent to inhibt the four drug-resistant trains of Streptococcus suis.
Introduction
Streptococcus suis is a gram positive facultative anaerobe, coccoid or ovoid, and appears as single cell, in pairs, or in chains [1] . Tt is an important pathogen in pigs worldwide and associated with meningitis, septicemia, arthritis, serositis and bronchop neum-onia, mostly in piglets and growers [2] . Thirtyfive capsular types have been described in S.suis species (types 1 to 34 and type 1/2) [3] , and serotype 2 (SS2) is most commonly associated with diseases in pigs and humans, and also the most frequently reported serotype worldwide [4, 5] .There was a large outbreak of human S. Suis infection in Sichuan Province, China in July 2005 and killed 38 patients [6] . Currently, S. suis is the most common cause of acute bacterial meningitis in some area of Southeast Asia [7, 8] . The use of antibiotics is a major strategy for the eradication for these bacteria, and antimicrobial agents are commonly used therapeutically and prophylactically in human and animal Streptococcus suis. However, Overuse or abuse of animal drugs and widespread use of antimicrobial growth promoters have resulted in selective pressure for increased antibiotic resistance in bacteria [9] [10] [11] . Thus, novel efficient and safe remedies for Streptococcus suis are necessary.
Medicinal herbs are being increasingly studied by pharmacological researchers, and many such herbs have a long history of medicinal use in Asia [12] . These herbs have many potential clinical and therapeutic applications in the modern medical setting, as numerous studies have revealed that they contain bioactive components, and have resulted in a better understanding of their physiological, therapeutic and clinical actions [13, 14] . Antimicrobial agents can also be derived from herbs, and over 1000 plants exhibit antimicrobial effects [15] . Traditionally, these herbs are said to provide safe and effective treatments against many diseases.
In order to evaluate the therapeutic potentials of medicinal herbs for the treatment of Streptococcus suis, twenty medicinal herb species traditionally used in China to treat bacterial infections, were screened for antibiotic properties against four drug-resistant Streptococcus suis strains by the agar diffusion method. The minimal inhibitory concentration (MIC) of extract from Forsythiae Fructus was also investigated in more detail against the four strains at different levels and concentrations.
Materials and methods

Streptococcus suis isolates
A total of 105 Streptococcus suis were isolated from swine palatine tonsil biopsy samples. During a 2-year period from June 2006 to May 2008, samples were collected from three different regions in China, including Heilongjiang, Jilin and Liaoning provinces, where swine production was concentrated. All tonsils samples were randomly taken from clinically healthy sows that were 1.5 year of age or older. The sampling procedure involved removing some nasal secretionsa. Once collected, the material was frozen at -80 °C until cultured.
After thawing, the samples were streaked on Columbia agar plates supplemented with 5% defibrinated sheep blood (BAP) (Biome´rieux, France) and Streptococcus -selective drugs (polymyxin B and nalidixic acid, Sigma, USA) and cultured at 37°C in an atmosphere of 5% CO2 for 24 h.Suspected strains were separated by colonial morphology [16] [17] [18] and confirmed as Streptococcus suis by biochemical characteristics [19] and a special PCR [20] . Once isolated and identified, the Streptococcus suis isolates were suspended in brain heart infusion broth (Difco, USA) containing 25% glycerol and stored at -80 °C until thawed and subcultured prior to antibacterial activity testing. 2.2. Bacterial strains and culture medium *Corresponding author Tel:+86 451 55190263 E-mial address: shengzunlai@yeah.net Streptococcus suis (ATCC700794) and four drug-resistant Streptococcus suis strains which had been tested ,namely RS1,RS2,RS3,and RS4,were used in this study . Bacterial strains were suspended in in brain heart infusion broth (Difco, USA) and incubated at 37 °C for 20 h. Mueller Hinton agar (MHA,Difco, USA) was used for the agar diffusion method and MIC.
Preparation of herbal extracts
Twenty medicinal herb species used in this study(Table1) were air-dried in the dark at room temperature(RT) and then ground to powers using a mechanical grinder. Powders were extracted by maceration in water. These species were also extracted in methanol. Approximately 50g of the powdered materials were boiled in 200ml of water for 3×60 min.For methanol extraction 50g of the powders were soaked in 200ml of mezthanol for 31×8h under mantle-reflus. The solvent was then removed under reduced pressure in a rotary evaporator(RE-52C, China). Extracts were first filtered using Whatman No. 1 filter papers, filtrates were evaporated to dryness at RT in a steady air current. All dried crude extracts were made from one lot of each herb and were stored at -20 °C until required for testing. The extracts were dissolved in water or 50% dimethyl sulfoxide (DMSO) before use.
Antimicrobial resistance testing
The resistances of the Streptococcus suis strains to different antimicrobial agents were determined using the disk-agar method standardized by the National Committee for Clinical Laboratory Standards [21] . The quality control strains were Staphylococcus aureus (ATCC29213).
Screening of antibacterial activity by the agar diffusion method
The antibacterial activities of isolates to the different extracts were tested using the disk-agar method standardized by the National Committee for Clinical Laboratory Standards and by using a modified agar-well diffusion method [21] . Four drugresistant Streptococcus suis strains were used in this assay. Six mm-diameter paper discs were bored in the agar plates and 20 μl of each herbal extract reconstituted in water or 50% DMSO to a concentration of 500 mg/ml was dispensed into the discs. Antibacterial activity was evaluated by measuring inhibition zone diameters. Ampicillin at 8-32 μg/ ml, was included as positive controls and water or 50% DMSO served as negative controls.
Determination of minimal inhibitory concentrations (MICs)
An agar dilution method with slight modifications [22] was used to determine the MICs of extracts of Forsythiae Fructus. All strains listed in Table 1 were used in this assay. Ampicillin (8-32 μ g/ml) was used as reference standard [22] . Equal volumes of each bacterial strain culture, containing approximately 1×105 CFU/ml, were applied onto MHB supplemented with the medicinal plant extracts at concentrations ranging from 0.12 to 250 mg/ml in tubes. These serially diluted cultures were then incubated at 37 °C for 24 h. Subsequently, 100μl of each culture was plated on MHA and further incubated at 37 °C for 24 h. MIC was defined as the lowest concentration of plant extract that completely suppressed colony growth.
Results and discussion
In order to identify herbs with antibiotic properties against Streptococcus suis, twenty medicinal herb species traditionally used for bacterial infections in China were tested against four drug-resistant strains of Streptococcus suis using the disk-agar method (Table 1) . Water or 50% DMSO as the negative controls did not show any inhibition zones of the test strains.Of the herbal extracts tested, however, Forsythiae Fructus extract were found to have antibacterial activity against the four Streptococcus suis strains tested; inhibition zones ranged from 13 to 22 mm. Moreover, both the aqueous and methanolic extracts of Forsythiae Fructus exhibited antibacterial activity against all four Streptococcus suis.The antibacterial effects of Forsythiae Fructus against the four Streptococcus suis strains examined in this study, expressed as a methanolic extract MICs, are presented in Table 2 . MICs were determined for the methanolic extract only because it showed greater antibacterial activity. The MIC values of the extract varied from 1.562 to 3.125 mg/ml. 
A, aqueous extract; B, methanolic extract. In the present study, the extracts from twenty medicinal herb species were screened for antibiotic activity against four drugresistant Streptococcus suis strains. Of the extracts tested, the aqueous and methanolic extracts of Forsythiae Fructus exhibited antibacterial activity against all four strains of drugresistant Streptococcus suis tested in this study. Moreover, the methanolic extract was found to have slightly higher activity than the aqueous extract. The minimal inhibitory concentration (MIC) assays also confirmed its antibacterial effects against all tested Streptococcus suis strains. The extracts of Forsythiae Fructus exhibited antibacterial activities against Streptococcus suis, including strains, such as, RS1, RS2, RS3, RS4 and SS2 which have antimicrobial resistances to 2 to 6 drugs ( Table 1) . This is the first report to describe the antibacterial activity of Forsythiae Fructus extract against Streptococcus suis. Based on these promising in vitro assay findings, we believe that Forsythiae Fructus is likely to become a novel antimicrobial treatment for Streptococcus suis.
Forsythiae Fructus has been reported to show antibacterial activity against several Gram-positive and Gram-negative bacteria. Its antibacterial activity may be indicative of the presence of some metabolic toxins or broad-spectrum antibiotics. Several metabolites from herb species, such as, alkaloids, tannins, saponins, and sterols have been previously associated with antimicrobial activity [23] . The major chemical constituents of Forsythiae Fructus are arctigenin, mataresinol, arctiin,forsythosideA,forsythosideB,forsythosideC ,forsythoside D, forsythoside E and rengyol [24] [25] [26] [27] [28] .Of these, forsythoside B, extracted from Forsythiae Fructus , was found to remarkably inhibit the growth of bacteria [29] , suggesting that this component may also provide antibacterial activity against Streptococcus suis and provide a plausible explanation for the higher antibacterial activity of the methanolic extract. However, this and the other constituents of Forsythiae Fructus have not been subjected to functional study with respect to their antibacterial activities. Moreover, further investigation is needed to ascertain more precisely the antibacterial effect of this herb extract.
